The rs and r,, structural parameters have been determined for propylene oxide from rotational constants for 16 isotopic species. The heavy-atom ( 
INTRODUCTION
The microwave spectrum of propylene oxide (methyl oxirane) was first studied by Herschbach and Swalen [ 11. Transitions from the three singly substituted 13C isotopic species were subsequently assigned by Creswell and Schwendeman [ 21. These authors reported the substitution values for the C-C! distances and the C-C-C angle. They also estimated r. values for the heavy-atom parameters based on appropriate assumptions to locate the hydrogen atoms.
It was necessary for us to assign the MW spectra of various deuteriumlabeled species of propylene oxide in order to study the stereochemistry about the double bond upon conversion of propylene to propylene oxide over catalysts [ 31 . This motivated us to also assign the readily prepared ' 8O and --CH,D species in order to obtain a data set with single isotopic substitu. tion at every position. Hence optimal data are available for structure evaluation including an insight into the orientation of the methyl group. The spectral and structural data are reported herein.
EXPERIMENTAL
Isotopic samples were prepared by epoxidation of propylene (PR) to propylene oxide (PRO), either stereospecifically about the double bond using m-chloroperoxybenzoic acid [ 
, PR-2d1 (>99%, 2d1 MSD Co.) and PR-3d, (-95%, 3d1). The latter method was also employed for the three stereolabeled propylenes above as well as for normal propylene with laOz (99%, "0, MSD Co.) in the mixture. (E)-PR-ldl was prepared by hydroboration of methyl acetylene with 9-BBN followed by hydrolysis with CH,COOD [5], while PR-3d1 was obtained by reaction of ally1 chloride with Zn followed by acetic anhydride and D,O [6] . This latter method was also used to prepare PRO containing a low 13C enrichment (-13%) at C1 and C3 in order to check the assignments of an earlier study [2] . The reported 13C1 and 13C3 transitions were suitably enhanced and no change in the assignment was necessary. 13C enriched ally1 chloride was prepared by adding Hi3C0 (-90%, MSD Co.) to the Grignard of vinyl bromide followed by hydrolysis to ally1 alcohol and conversion with HCl to ally1 chloride [7] .
All spectra were obtained with a Hewlett-Packard 8460A microwave spectrometer in the range 18-40 GHz using Stark modulation. Frequency measurements were accurate to at least kO.05 MHz.
SPECTRAL ASSIGNMENTS
The assignments were readily made with the aid of predicted spectra calculated from the structure in ref. 2 and verified by the observation of the correct Stark shift and from line intensity comparisons. Small splittings due to the methyl torsion were observed for a limited number of transitions consistent with the expected values from the molecular constants reported in ref. 1 . Several a and b dipole, Q and R branch transitions with J < 18 were assigned. Seven or eight low J transitions were chosen to determine the rotational constants for the structure calculation because these were used for the analyses of the parent and 13C species [2] . This choice was made in order to minimize the effect of centrifugal distortion. These transitions for the 11 isotopic species assigned in this study are listed in Table 1 . The moments of inertia are listed in Table 2 along with the previously determined values for the normal species, the three 13C species and PRO-l ,l dz which was reported elsewhere [S] .
STRUCTURE CALCULATION AND DISCUSSION
It is possible to calculate the substitution coordinates (a, etc.) for all the atoms using the single substitution formulae derived by Kraitchman [ 91. These values are listed in Table 3 and the derived structure is given in Table 4 . One coordinate, viz. b for H7 (see Fig. 1 for atom numbering), was very small and in fact Kraitchman's equations gave an imaginary value. Consequently, it is set at zero in Table 3 . It is noted that nine other coordinates are below 0.20 A. Vibration-rotation interactions are known to be troublesome when aValues in parentheses are the observed minus calculated frequencies in 10 kHx. b8ee Fig. 1 for atom numbering. r(C,C,) coordinates of this magnitude are obtained from a Kraitchman analysis. Consequently, propylene oxide is not an exemplary case for determination of accurate parameters by this method. The data set of 16 isotopes (48 moments of inertia) is diverse enough to determine a r. structure (24 internal structural parameters) by a least-squares fitting iteration without any assumed structural parameters [lo] . These principal axes coordinates (the effective or a0 etc. values) are in Table 3 and the r. structural parameters are in Table 4 . Table 2 lists the values of &,~,--I,, (rms = 0.0036 u A') which indicates the quality of the least-squares fit.
It is noted that the agreement between the substitution and effective coordinates (Table 3) is very good except for three small coordinates: a(&), b(H,), and c(Hlo). However, it is also apparent that the least-squares fitting procedure which employs all the data has excellent consistency in reproducing the observed moments of inertia. It is not easy to ignore this consistency which seems to imply that the problem of small coordinates is minimized via such an analysis. Presumably, this occurs by distributing the vibrationrotation effects over the entire data set so that they do not concentrate in any single structural parameter. For these reasons, as well as the good agreement with ethylene oxide (see below), the r. parameters are the preferable set. These r. parameters are probably close to the so called r, or average structure [ 11, 121 . Uncertainty limits of +O .Ol A and +O .5" attached to the r. parameters are likely to be sufficient to encompass the r, parameters except for the dihedral angles involving the methyl hydrogen atoms with the ring where an uncertainty of + 3" is recommended.
These results can be compared to the r. parameters previously estimated for ethylene oxide [ 121 (see Table 4 ). Ethylene oxide is a favorable species to determine r. (or r,) parameters since all non-zero atom coordinates are at least kO.4 A. It is seen that the pert'urbation of the ethylene oxide framework by the methyl group has only minor structural consequences. The methyl group itself in the r. fit has nearly C3 symmetry about the C3C2 bond axis and standard parameter values. Because vibration-rotation effects are not rigorously accounted for in both the r. and r, structure calculations and because of three small H coordinates, it is not possible to be certain whether the methyl group has nearly exact C3 local symmetry in the equilibrium structure or whether the small asymmetry or tilt suggested by the r, structure is significant. Nevertheless, the r. results, for the reasons mentioned above, lead us to conclude that there exists little asymmetry. The methyl group dihedral angles (T values) are interesting since few have been determined for CH3 attached to a three-membered ring. These values of 7 are the least accurately known parameters but it is clear that the Q-H, bond does not symmetrically straddle the OCzCl plane. Although H9 appears to rotate towards the C1 atom, given the T values in Table 4 , it is actually 0.036 a closer to O4 than C1.
The previous r. results [ 21 for PRO had a large estimated uncertainty range (0.01-0.02 A, 0.5-l .3" ) which was sufficient to encompass the new results. More extensive comparisons of the structural parameters with other epoxides and three-membered rings may be found in the literature [12, 13] .
